Dioxins and dioxin-like compounds are widely spread in the environment and listed as POPs contaminants which in a certain level of exposure, it associated with neuro-developmental defects in childhood. Studies in animals resulted in the association between dioxins and dioxin-like exposure and neuro-developmental abnormalities. However, studies in human result varied association between exposure and neurodevelopment outcomes. This review was to observe variables in several publications about dioxins and dioxin-like exposure and its effects to neurodevelopment in children. Reviewed variables are dioxins and dioxin-like concentration in mother, breastfeeding duration, and neuro-developmental test scores. Six reviewed studies evaluated dioxins and dioxins like exposure and its effects in neuro-development in children. Reviewed studies were conducted in the highly contaminated area and area with no particular high exposure to dioxins or dioxin-like. This review resulted in the exposure through prenatal and perinatal, or breastfeeding was not clearly explaining the effects on neurodevelopment in children. A subtle difference of neuro-developmental defects may not be able to be assessed only by neuro-developmental assessment tools. This review suggested evaluating background level of dioxins and dioxin-like in the environment, dietary intake in mother, examining specific congeners and its effects to cognitive and motor development aspects, and consider other methods to examine mild changes in children neurodevelopment such as neuropsychological measurement.
Introduction
Poly-chlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs) are highly toxic compounds which listed as Persistent Organics Pollutants (POPs) (UNEP 2001) and have similar structures, characteristic of toxic responses, and mechanism (Poland and Knutson 1982) . These are widely spread in the environment in recent decades as contaminants, persistent, accumulate in food chain mainly in adipose tissue of animals and human, and has an adverse health effect in human (Ahlborget al. 1992; Skene 1989) . Absorbed dioxins and dioxin-like can be transferred to human fetus and human infants via placenta and human milk respectively, due to the accumulation of dioxins in adipose tissue (Suzukiet al. 2005 ). Human fetuses and infants are more sensitive to toxicants from environmental exposure compared to adults (Needham and Sexton 2000; Patandinet al. 1999) , and adverse effects were more severe in this population. Dioxins and dioxin-like exposure are associated with a poorer intellectual function in school-aged children and indicated deficits in general mental ability, short and long term memory, and focused and sustained attention ( Jacobson and Jacobson 1996) , and exposure through breastfeeding is associated with poorer cognitive ability (Patandinet al.1999 ).
Previous studies have resulted in different association from exposure and neurodevelopmental defects in children. Studies in human suggest dioxins and dioxin-like exposure were associated with lower motor skills (Gladen et al. 1988 
Materials and Methods
The review was conducted in adherence to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 (Moher et al. 2009 ).
Search
The search was designed to identify peer-reviewed publications describing studies in human regarding dioxins and dioxin-like exposure effects in neurodevelopment in chil- 
Data collection process and study selection
Data were independently collected and tabulated. Eligibility was decided separately by the author. Inclusion criteria were: published in the peer-reviewed journal; describing the study of dioxins and dioxin-like exposure to neurodevelopment in children; measuring dioxins and dioxin-like compounds in blood and human milk; involving pairs of mother and children in the study; published in English.
Results
A search of databases yielded 132 peers reviewed articles. Articles sorted by duplication of the title, title of the articles and appropriateness with the review topic, and review of abstracts and full texts. 2, 116, and eight items further discarded respectively. Six articles fulfilled the inclusion criteria and included in this review.
132 articles identified through database searching Two articles excluded due to duplication 130 articles assessed for appropriateness with review topic 116 articles excluded due to inappropriateness with review topic 14 articles were assessed for its abstracts and full texts Eight articles excluded Six articles were eligible to be reviewed 
General study characteristics
Studies in Vietnam (n=2) were conducted in the highly contaminated area with diox- maternal age, parity, maternal dietary intake, working, and smoking during pregnancy.
All studies used multiple regression analysis to explain the association between dioxin and dioxin-like exposure and neurodevelopment in children. 
The concentration of dioxins and dioxin-like compounds in mother
Exposure measure used the quantification of PCDDs, PCDFs, and PCBs in biological samples, from blood (n=1), human milk (n=3), blood and human milk (n=2 showed the lowest concentration among reviewed studies.
Breast feeding duration
Most mothers in studies gave breastfeed up to 3 months. breastfeeding cannot infer from all reviewed studies. However, a study in Vietnam (2015) showed all mothers in the study breastfeeded their infant up to 4 months. 
Neuro-developmental test results
Assessment tools used to assess neurodevelopment in children were Bayley Scale of Three domains examined in reviewed studies were: motor, cognitive, and behavior.
Reviewed studies resulted in a tendency in lower test results than usual standard from each neuro-developmental test (data not shown).
In the motor domain, a study in Japan (2006) However, PCDDs/Fs-TEQ in mildly exposed children showed a significant association in the composite motor subtest.
In the cognitive domain, a study in Japan (2006) In the behavior domain, a study in 1-year-old toddler in Vietnam (2015) showed a significant association between exposure and social-emotional skills in highly exposed children. However, a study in Japan (2015) showed no significant association of dioxin level in human milk with SDQ scores in children, and research in Germany (2015) showed that the ADHD traits test negatively associated with dioxin levels in biological samples from mothers.
Discussion
Elements which determine exposure were the frequency of exposure, dose, and dura- and has no association in lower motor skills scores, but even the slightest exposure of dioxins and furans might indicate a mild changes motor skills. Although the findings not significantly associated with exposure, in highly exposed children, the results tend to be lower than standard and in other locations. This finding indicates that dioxins and dioxinlike exposure are contributed to lower performance in socioemotional and behavioral aspects in children. Reviewed studies resulted in specific congeners also have a different impact than the TEQ and total dioxins and dioxin-like compounds. Difficulties to find out the mechanism of exposure of dioxins and dioxin-like congeners and its implications to neurodevelopment is due to the potential interaction between dioxins and dioxin-like congeners which resulted in variation in neuro-developmental changes and due to the most applicable and valid method which is only by analyzing it statistically. It indicates subtle differences in neurodevelopment which are unable to be detected only by neurodevelopmental assessment tools.
Conclusions
Reviewed studies resulted in a different association between dioxin and dioxin-like exposure from mother to children with neurodevelopment in children. Low exposure from mother to children which cause mild differences in neurodevelopment in children may be unable to be assessed only by neurodevelopment assessment tools. The evaluating background level in the environment, dietary intake in mother, examining specific congeners and its effects on cognitive and motor development aspects, and neuropsychological measurement shall be considered for future study.
